Introduction
The topicality of the present paper results from the growing application of loaders both in the construction of roads and during their usage. The basis for this scientific research is the fundamental knowledge that allows using the topic of virtual models and the possibility of their further application.
Research methodology includes the methods of finite elements, the use of software tools for the application of computer programs for modelling the loader dynamics and conducting experiments using a personal computer.
The introduction of a new technique for analyzing the dynamics of loaders' working and transport modes takes the process of solving dynamic analysis tasks to a new level. In the field of product performance dynamic analysis, this is similar to the transition of design departments from the production of paper drawings to the use of automated design systems. The technology of automated dynamic analysis allows us to simplify and accelerate the solution of mathematical modelling tasks and thus to significantly improve the efficiency of the development of new engineering products.
Recent Papers Review
At present, modern methods of designing and analyzing earth-moving machines using the Autodesk Inventor software are widely used.
Major benefits of automated dynamic analysis are:
-automatic construction of a mathematical model of the mechanical system dynamics according to its engineering description; -visualization of the mechanical system work process and the values of its properties [1, 2] ; -wide possibilities for controlling the movement of the mechanical system [3] .
The use of automated dynamic analysis allows to obtain reliable information about the dynamic behaviour of the products at the early stages of their design and the power loads that arise, as well as to quickly and effectively deal with abnormal situations which can emerge during the operation of existing products [4-6].
Purpose and Tasks
The purpose of the paper is to analyse work processes of loaders using computer modelling facilities.
Modeling Work Processes of Loaders
The initial step is to build the most detailed 3D model of the loader using the Autodesk Inventor software.
The stage of exporting a ready threedimensional model into the Autodesk Inventor program is very important. It is critical to preserve the mass-inertial characteristics of assembly units of the three-dimensional model after export. The next step is to break up all the assembly units obtained into movable and immovable objects. For example, a wheel is movable (rotational motion) relative to the axis on which it is fixed. Once all movable parts have been determined, it is necessary to conduct a complete kinematic analysis of the model. After receiving these data, it is necessary to make kinematic pairs of all the parts using hinges. For example, the process of connecting the parts of a HITACHI loader weighing 25 tons and ensuring rotation of the driving wheels, as well as simulating the loader movement in a specific direction is shown in Figures 1 and 2 . The model given above enables us to conduct a preliminary analysis of the structure. Figure 3 shows the forces that arise in the wheels of a HITACHI loader weighing 25 tonnes when it moves across an obstacle of a length of 70 mm and a width of 30 mm, at a speed of 5 km/h. After the computer experiment was finished, waveforms of support reactions were built and then convrted into MSEXСEL with the preliminary analysis (Figure 4) . Similarly, experiments with other loaders such as Sankar Ram and Cat (compact) were conducted. Data were obtained, converted into MSEXEL and then analyzed, which allowed us to construct graphs for the redistribution of support reactions along two axes ( Figure 5 ).
The models of dynamic processes which arise when vehicles move across a single obstacle showed us a number of results that cannot be measured directly in a real experiment, in particular, it is impossible to determine how support reactions on each of the wheels change over time. The virtual experiment has shown that when a loader moves across a single obstacle in a transport mode, the support reactions change over time in accordance with the laws which are similar to oscillating processes. Successful experience in the development of theoretical foundations and the practical implementation of complex system models suggests their huge potential in the field of mechanical engineering and road building. The development of simulation models of such systems is iterative and is based on the design of individual modules and subsystems and their integration into a single entity on the basis of dynamic analysis and the use of modern tools for the creation of intelligent applications.
This will simplify and accelerate the solution of the mathematical modelling tasks, improve the efficiency of complex machinery design processes as well as enable the implementation of simulation experiments.
The advantages of using automated dynamic analysis for the formation of a mathematical model of mechanical system dynamics; visuali-zation of the work process; control of the mechanical system movement have been explained.
The reliable information about dynamic behaviour of created objects and the power load that arise can be obtained in the early stages of their design. Besides, it is possible to conduct real-time research of abnormal situations that arise during the operation.
The purpose of this paper was to to analyse work processes of loaders using computer modelling facilities. The Autodesk Inventor software package allowed to conduct an experiment on the wheel movement on the supporting surface with an obstacle with the same mass characteristics, material and height and shape of the obstacle. For the experiment, a treaded tire and a slick tire were taken. Main characteristics for modelling were: the height and width of the obstacle equaled 100 mm, wheel speed equaled 5 km/h.
For the process of dynamic modelling in Autodesk Inventor the following parameters were set: 3D contact between the wheel and the supporting surface, the connection of the wheel with the supporting surface taking into account all degrees of freedom.
Dynamic modelling characteristics of various types of wheels moving across a single obstacle were defined. In order to determine the reactions in the supports, it is necessary to simulate the movement of the wheel across an obstacle using the menu of dynamic simulation and introducing a 3D contact between the wheel and the surface and the necessary rigidity and friction parameters.
In the simulation, a browser tree was used to determine the kinematic pair responsible for wheel rotation, graphs of gradual speed-up of the wheel over a period of time were constructed, the type of soil as a basic element was identified, materials and mass characteristics of the parts were determined. The analysis of the model is shown in the Figure 12 . Thus, a virtual experiment and a simulation have been conducted using the AutoDesk Inventor software. The basic kinematic parameters and the support reactions for a wheel moving across obstacles have been determined for various designs of single-bucket loaders.
Conclusion
The method of using the Autodesk Inventor software for modelling the dynamics of the loader has been developed, which allowed carrying out the following parts of the research: moving across an obstacle, running over an insurmountable obstacle, a sharp brake of the loader. The results of the research are the graphical and mathematical dependences of the values.
During the tests, the advantages of computer modelling of construction machinery work processes have been confirmed.
The tests also revealed the influence of the machine mass and the type of tires on the kinematic parameters of its motion.
The next step of the present research should be validation of a model for adequacy to real machines and a more thorough study of the influence of various factors on the results of computer experiments.
